The spatial and temporal distribution of planktonic rotifers in the Elbe Estuary, Germany, was investigated at weekly intervals from March to July, 1995. Samples were taken at a fixed site in the Hahnö fer Nebenelbe, and the main channel was surveyed four times at eight stations from Hamburg to the upstream limits of the brackish-water zone. Abiotic and biotic parameters were determined and correlated with rotifer abundance to gain information about the forces that structure the rotifer community in this dynamic environment. A maximum density of 2048 ind. l 1 was observed at the beginning of June. More than 70 rotifer species were identified during the whole period, but only a few of them appeared at significant densities. The predominant species were Keratella cochlearis, which accounted for over 32% of the total abundance, Keratella quadrata, Brachionus calyciflorus and species of the genera Synchaeta and Polyarthra. At the end of July Synchaeta bicornis appeared at the low density of 23 ind. l 1 at the station farthest downstream. Except for this typical brackish-water species, all rotifers encountered belonged to freshwater taxa, which decreased in abundance rather rapidly toward the river mouth. From March to the middle of June, rotifers grazed predominantly on heterotrophic components of the microbial food-web, such as planktonic and aggregate-associated bacteria, detritus and heterotrophic flagellates. Toward the end of June, the chlorophyll a concentration increased sharply, and a new rotifer community established itself, feeding mainly on autotrophic organisms in the Elbe Estuary.
Introduction
The seasonal dynamics of planktonic populations in lacustrine environments of the northern hemisphere have been well studied and generally conform to the PEG model of seasonal succession of planktonic events in fresh waters (Sommer et al., 1986) . Rotifers are important components of planktonic communities seasonally. In early spring, because of their rapid heterogonetic reproduction, they are the first metazooplankters to cause an impact by grazing on the phytoplankton. Furthermore, rotifers influence various interactions within the microbial food-web which occur at several trophic levels (Arndt, 1993) .
While many studies have dealt with rotifers in lentic systems, considerably fewer have provided data about them in lotic environments, especially estuaries. Only about 4% of all publications on flowing waters concern large rivers (Hynes, 1989) , and in these, little attention has been paid to the ' potamoplankton ' (Thorp et al., 1994) which, in any case have often focused on crustaceans. Rotifer abundance was either not mentioned, or the samples were taken in nets with mesh sizes larger than 35 m which underestimate their abundance (Green, 1977; Orcutt & Pace, 1984) . Nevertheless, rotifers are well adapted to river ecosystems, where zooplankton abundance is often regulated by advective losses (Ketchum, 1954) , and population densities are maintained by rapid heterogonetic reproduction with short generation times . Estuarine zooplankton studies which took rotifers into consideration were conducted in the Rhine (Admiraal et al., 1994; Van Dijk & Van Zanten, 1995) , Hudson Vaque et al., 1992) , Westerschelde (Bakker & Pauw, 1975; Soetaert & Van Rijswijk, 1993) , Guaraú (Lopes, 1994) , Vistula (Adamkiewicz-Chojnacka & Ró zanska, 1990) , and Sacramento Rivers (Orsi & Mecum, 1986) , and in San Francisco Bay (Ambler et al., 1985) .
Detailed studies dealing only with rotifers in estuarine environments are rare (Egborge & Tawari, 1987; Heinbokel et al., 1988; Guisande & Toja, 1988; Papinska, 1990; Dolan & Gallegos, 1991 Neumann-Leitâo et al., 1992; Egborge, 1994; Green, 1995; Telesh, 1995) . Information about seasonal changes in various abiotic and biotic parameters in the Elbe Estuary are available, but the most recent information about the abundance and dynamics of rotifer populations was provided by Schulz (1961) and Nö thlich (1972) , who conducted comprehensive studies.
In the spring of 1995, a survey was carried out to characterize the rotifer fauna and their temporal and spatial dynamics in relation to abiotic and biotic parameters at different locations in the Elbe Estuary.
Materials and methods

Study site
The Elbe Estuary is a coastal-plain estuary, classified as ' partially mixed ' (Day, 1981) and characterized by salinity gradients and a large amount of suspended particulate matter (Kausch, 1990) . It extends about 140 km between the funnel-shaped river mouth at Brunsbü ttel and Cuxhaven, where it flows into the North Sea, and a weir at Geesthacht, 45 km upstream from Hamburg, which forms the upper tidal boundary (Figure 1 ).
The mean river discharge is about 700 m 3 s 1 , and the current velocity reaches 1-2 m s 1 . Although the pollution of the Elbe River has been reduced since 1990, it is still one of the most polluted European rivers and carries high loads of sewage and wastes (Adams et al., 1996) .
Sampling
Samples were collected weekly from March to July 1995 from a research platform anchored in the Hahnö fer Nebenelbe (km 640), a shallow backwater 15 km downstream from Hamburg ( Figure 1 ) and in the main channel between Hamburg (km 620) and the mouth of the estuary at km 707. Samples were taken from the research platform 1 and 2 h before low tide, at low tide and 1 and 2 h after low tide. Water was collected at a depth of 1 m using a 2·25 l horizontal tube constructed by HYDROBIOS in Kiel, Germany. Samples were taken from the main channel at low tide from a research vessel, which sailed from km 707 to km 620. Data were collected from eight stations approximately 10 km apart (Figure 1 ). At each station, one sample was taken from the surface using a horizontal sampler.
Rotifers
The sample volume of 2·25 l was filtered through a 30 m sieve, and the organisms were fixed in 200 ml of 5% formaldehyde (Koste, 1978) . The specimens were counted in sedimentation chambers at 60-100 magnification using an inverted OLYMPUS microscope. Three samples taken at each date were counted completely to detect taxa represented by very few individuals and two samples were separated into subsamples containing at least 100 individuals of the dominant species. In addition, live rotifers were examined to obtain qualitative information about the soft-bodied (illoricate) species which are difficult to identify and easily overlooked in preserved samples. In some cases, reliable species identification requires examination of the trophi, after the animals were macerated in 5% NaOH (Koste, 1978) .
Additional parameters
For chlorophyll a determinations, 150-500 ml samples were concentrated on a WHATMAN GF/F glass-fibre filter and analysed spectrophotometrically after hot ethanol extraction following Nusch (1980) . For determining bacterial, flagellate and ciliate abundance, the number of aggregate associated organisms (Zimmermann & Kausch, 1996; Zimmermann, 1997) and planktonic organisms per litre were added together. For determination of aggregate associated organisms, aggregates were selected from the horizontal sampling tube with a pipette and were counted under a dissecting microscope in five bottles with openings 5 cm in diameter. Several aggregates were always examined under a microscope at 10 magnification and their size was measured using an ocular micrometer. The mean area of at least 20 particles per sample was calculated from the number of particles and the longest dimensions multiplied by the mean width of each particle. Ciliates and flagellates were counted using the live counting technique at 20 and 40 magnification. Bacteria were dislodged by ultrasonic vibration, stained and counted on filters (Porter & Feig, 1980) . Samples for determinations of planktonic flagellate abundance were fixed in 1·5% formalin and stained with fluorochrome, 4 ,6-diamidino-2-phenylindole (DAPI), by the method of Porter and Feig (1980) and counted on black membrane filters. In 0·2 l samples, the planktonic ciliates were fixed in 0·06% HgCl and counted at 200 magnification under the Uthermöhl inverted microscope (Utermö hl, 1958 Hamburg, pers. comm) . Spearman rank correlation coefficients (r) were computed using SPSS for the following parameters: rotifer abundance with temperature, river discharge, chlorophyll a concentration and bacteria, flagellate and ciliate abundance at an alpha level between 0·01 and 0·05.
Results
Hahnöfer Nebenelbe (Stationary sampling)
From March to the middle of April, water temperature showed a slow increase from 4·7 to 8·9 C, rising 17·6 C in June and 21·8 C in July (Figure 2) .
During March the river discharge decreased then rose to a maximum of 1863 m 3 s 1 at the end of April. In May, the discharge dropped rapidly to 841 m 3 s 1 followed by a small peak at the end of the month, caused by heavy rainfall. During June, the discharge rose again to a second maximum of 1732 m 3 s 1 (T. Gaumert, pers. comm.; Figure 2 ). During March and April, chlorophyll a concentration was low (12 g l 1 ). In early May, a slow increase in the amount of phytoplankton was observed, and by the middle of June, the chlorophyll a concentration had reached 78·6 g l 1 (Figure 2 ). In July, the chlorophyll a concentration reached a value of 495·5 g l 1 , which resulted from a bloom of centric diatoms, mainly Actinocyclus normanii.
The number of planktonic and aggregate-associated bacteria was low at the beginning of the investigation, but a maximum abundance of 20·8 10 9 cells l 1 was quickly reached in the middle of April, followed by a graduate decline throughout the next few weeks. A small peak of 17·2 10 9 cells l 1 was reached in the middle of June (Figure 2 ).
Flagellate abundance also reached a maximum of 6·0 10 6 cells l 1 in the middle of April. There was then a sharp decrease in the numbers and abundance remained low throughout May. In June, flagellate abundance increased again to 5·0 10 6 cells l 1 at the end of the month. Planktonic and aggregateassociated ciliates reached maximum abundances of 60·8 10 3 cells l 1 in April and were low throughout the rest of the investigation (Figure 2 ).
During March and early April the rotifer density was below 200 ind. l 1 . In the middle of May, the numbers had reached 1389 ind. l 1 . A maximum density of 2048 ind. l 1 was reached at the beginning of June, followed by a decrease to 895 ind. l 1 at the end of the month. At the beginning of July, the rotifer density had risen again to 1439 ind. l 1 (Figure 2 ). A significant negative correlation between the total rotifer abundance and river discharge was observed (r s = 0·618, =0·05), and there was a positive correlation between rotifer abundance and water temperature (r s =0·830, =0·01). Samples from different depths and during different tidal phases indicated that the distribution of rotifers was random. During the period of the investigation, 77 rotifer species were encountered in the Hahnö fer Nebenelbe (Table 1) . The numerically dominant rotifer was Keratella cochlearis, which, including the variety K. cochlearis var. tecta, accounted for over 32·4% of the total rotifer community. Other very common species included Keratella quadrata, Brachionus calyciflorus, species of the genus Synchaeta such as Synchaeta pectinata, Synchaeta stylata and Synchaeta tremula and members of the Polyarthra vulgaris-dolichoptera group. These accounted for 17·5, 16·7, 9·8 and 8·7% of the total number of individuals, respectively (Figure 3 ).
At the beginning of the investigation in early March, K. quadrata and Polyarthra sp. were the dominant rotifers but the abundance of each taxon remained below 10 ind. l 1 (Figure 4 ). Brachionus calyciflorus, mainly B. c. f. anuraeformis and K. quadrata were the most common rotifers in early April at densities between 30 and 50 ind. l 1 . At the beginning of May, species of the genus Notholca, predominantly Notholca squamula and Notholca acuminata, reached their peak abundances of 32 and 11 ind. l 1 , respectively. Filinia spp., mainly Filinia longiseta, also reached a maximum of 25 ind. l 1 (Figure 4 ). In mid-May, Asplanchna priodonta attained a shortterm peak of 67 ind. l 1 , and Polyarthra sp. had also reached a maximum abundance of 125 ind. l 1 . The slight decrease in total rotifer abundance observed on 22 May affected almost every taxon ( Figure 4) . The peak at the beginning of June coincided with the maximum abundance of K. cochlearis, including K. cochlearis var. tecta, and of K. quadrata and Brachionus angularis. The density of K. cochlearis exceeded 1300 ind. l 1 and it accounted for over 60% of the total rotifer community. After the sharp decline in total abundance observed during June, a new rotifer community developed, including predominantly Brachionus calyciflorus with a peak density of 601 ind. l 1 . Other species, such as Trichocerca pusilla, Asplanchna brightwelli, S. pectinata, S. stylata and S. tremula, also increased in abundance.
Main channel from Hamburg to Brunsbüttel
A conductivity gradient on 25 April and 27 June was not well developed due to the great river discharge. Conductivities between 670 and 800 S cm 2 were recorded at km 620, while 940-1167 S cm 2 were determined at km 707. The highest conductivity of 6440 S cm 2 was determined at the river mouth during a period of extremely slow outflow at the end of July.
The chlorophyll a concentration decreased sharply toward the river mouth, and the highest values were recorded in July at the upper reaches of the estuary ( Figure 5 ). The numbers of bacteria did not change significantly during downstream transport and ranged between 4 and 20 10 9 cells l 1 . In May and June, flagellates displayed a relatively homogeneous spatial distribution. In April and July, flagellate abundance was greatest the the upstream end of the estuary, decreased sharply toward the river mouth, but rose again at the station farthest downstream at km 707. Ciliates exhibited almost the same pattern of spatial distribution from April to June.
The species composition of the rotifers in the main channel did not differ significantly from that in the Hahnö fer Nebenelbe. All rotifers encountered, except Synchaeta bicornis, are freshwater species and decreased in abundance toward the most seaward station at km 707. When the river discharge was low the section of the estuary in which the rotifer abundance sharply decreased shifted upstream.
In April, when the river discharge was high, a relatively homogeneous spatial distribution of the total rotifer abundance was observed ( Figure 6 ). Keratella quadrata was the predominant rotifer species in the lower parts, and its maximum density was observed at station 675. At the station farthest upstream, km 620, K. cochlearis, at a density of 63 ind. l 1 , was slightly more abundant than K. quadrata. Brachionus calyciflorus and B. angularis reached maxima between km 655 and km 675. Species of the genus Synchaeta, mainly S. pectinata and S. tremula at that time, were found predominantly in upstream sections of the estuary.
At the end of May, the discharge from the river had dropped below 1000 m 3 s 1 . The dominant species from km 690 to km 620 was K. cochlearis which attained densities up to 740 ind. l 1 (Figure 7 ). The most numerous species at km 707 was still K. quadrata, the density of which was 129 ind. l 1 . Brachionus calyciflorus reached a maximum density of 130 ind. l 1 between km 675 and km 664 and then declined in abundance toward the sea. At the stations farthest upstream, km 634 and km 620, high densities of S. pectinata, S. stylata, and S. tremula were observed. In this area, Synchaeta spp. reached a density up to 388 ind. l 1 , but this decreased sharply toward the lower section of the estuary.
At the end of June the discharge from the river had again risen to 1508 m 3 s 1 , and low conductivities were recorded at the river mouth, where K. cochlearis had become the most abundant rotifer with a density of 130 ind. l 1 (Figure 8 ). At km 690, over 50% of the rotifers belonged to the genus Trichocerca, predominantly Trichocerca pusilla. This dominance of Trichocerca was restricted only to this station. Brachionus calyciflorus reached a maximum density of 137 ind. l 1 at km 675 and showed a sharp decline toward the sea. The upper reaches of the estuary were dominated by the genus Synchaeta, mainly S. pectinata, S. tremula and S. stylata. At km 645 Synchaeta reached a maximum density of 528 ind. l 1 accounting for over 60% of the total number of rotifers.
A very low rate of discharge from the river and the highest conductivity at the river mouth were recorded at the end of July (Figure 9 ). At the station farthest upstream, km 620, the total rotifer density reached 2560 ind. l 1 but it decreased rapidly toward the sea. The total rotifer density at km 707 was 26 ind. l 1 , and one species, Synchaeta bicornis, a typical brackishwater form was dominant. Keratella cochlearis and T. pusilla were the dominant rotifers at km 620, where the density of each species was over 700 ind. l 1 . Brachionus calyciflorus and B. angularis also reached maximum densities at km 620, but they decreased sharply in abundance toward the lower part of the estuary. At km 675, no individuals belonging to these species were detected. The same pattern was observed for the freshwater species of the genus Synchaeta (see above).
Discussion
Planktonic rotifer communities in the freshwater parts of estuaries are often dominated numerically by members of the genera Keratella and Brachionus (Guisande & Toja, 1988; Ferrari et al., 1989; Saunders & Lewis, 1989; Telesh, 1995; van Dijk & van Zanten, 1995; Crump & Baross, 1996) , whereas species of the genus Synchaeta are often dominant in the brackish-water regions (Bakker & de Pauw, 1975; Ceccherelli & Ferrari, 1982; Ambler et al., 1985; Orsi & Mecum, 1986; Dolan & Gallegos, 1991 Lopes, 1994; Gaughan & Potter, 1995) . Throughout the investigation K. cochlearis (32·4%), K. quadrata (17·5%) and B. calyciflorus (16·7%) were the dominant freshwater rotifers in the Elbe Estuary and, in early summer, S. bicornis was the most numerous species in the brackish-water region. Judging from the results of previous studies (Schulz, 1961; Nö thlich, 1972) , there have been no appreciable change in species composition and abundance in the past decades. In the Hahnö fer Nebenelbe, the current velocity is lower and the biological production higher than in the comparable station in the main channel at km 634. Rotifer community structure and abundance in the main channel were very similar to those in the Hahnö fer Nebenelbe. All dominant species detected in the main channel were eurytopic freshwater forms that became less abundant toward the river mouth. Rotifers from quantitative samples are listed according to their dominance grades, using the methods of Schwerdtfeger (1975) : 5, d10%; 4, 10-5%; 3, 5-2%; 2, 2-1%; 1, c1%. X, rotifer taxa found in qualitative samples. The salinity gradient alone could not have been responsible for this reduced abundance because the density of the rotifers always decreased before the conductivity started to rise. Many conditions reduce rotifer abundance in areas of maximal turbidity, such as a low chlorophyll a concentration ( Figure 5 ) and high densities of small aggregates containing little organic material (Zimmermann, 1997) . The transition from an autotrophic system upstream to a heterotrophic one downstream is reflected by the dominance of generalists such as K. quadrata (up to 58% of total abundance) and K. cochlearis (up to 74%) in the lower parts of the estuary. These ubiquitous rotifers feed on bacteria, detritus and flagellates (Pourriot, 1977; Arndt, 1993) . Synchaeta bicornis, which started to increase in abundance at the end of July in the downstream section of the estuary (Figure 9 ), has often been found to inhabit brackish-waters (Koste, 1978; Orsi & Mecum, 1986; Lopes, 1994) . Previous studies showed that this rotifer is typical of the oligohaline zone of the Elbe Estuary (Schulz, 1961; Nö thlich, 1972) and attains maximum densities in late summer. The massive locally limited appearance of T. pusilla at station 690 in June (Figure 8) is probably attributed to a discharge of water rich in this species from a tributary, the Oste (Figure 1) . At the beginning of March, the high rate of river discharge and a low water temperature were presumably the main factors limiting the growth of planktonic rotifer populations in the Elbe Estuary. High rates of river discharge are known to be main factors limiting the development of planktonic populations in advective environments (Ketchum, 1954; Barlow 1955; Miller 1983; Pace et al., 1992) . Several publications on potamoplankton dynamics in rivers (Saunders & Lewis, 1988 , 1989 Ferrari et al., 1989; Thorp et al., 1994) and estuaries (Onwudinjo & Egborge, 1994; Telesh, 1995; Van Dijk & Van Zanten, 1995) mentioned river discharge as a controlling parameter for rotifer abundance. Periods of intensive flow increased the density of freshwater rotifers at the station closest to the sea at km 707 (Figures 6 and 8) as has also been observed in other estuaries (Egborge, 1994) .
Water temperature is known to be another important abiotic parameter that controls the population growth of rotifers (Radwan, 1984; Galkovskaja, 1987; Berzins & Pejler, 1989) . During April, the water temperature exceeded 10 C, correlated with a pronounced increase in rotifer abundance from 162 to 1388 ind. l 1 in 30 days (Figure 2 ). Throughout April and May, when the phytoplankton density was low, the majority of rotifers fed predominantly on heterotrophic components of the microbial food-web, such as bacteria, heterotrophic flagellates and ciliates, which declined in abundance toward the end of April (Figure 2) , although real bottom-up control of rotifer abundance at this time is unlikely because of the eutrophic condition of the environment. Keratella cochlearis, the dominant species from the middle of May to early June, is a filterfeeding rotifer with a preference for particles within the size range of approximately 1 to 12 m, such as bacteria and small flagellates (Dumont, 1977; Pourriot, 1977 , Bogdan & Gilbert, 1982 , 1987 . Additional size fractionation experiments, feeding experiments with fluorescent microspheres and direct observation of living individuals indicated that K. cochlearis fed mainly on bacteria that were planktonic or attached to particles, and also on detritus (Holst, 1996) . Recent publications described K. cochlearis as an important consumer of bacteria (Sanders et al., 1989; Arndt, 1993; Ooms-Wilms et al., 1995) . Starkweather and Bogdan (1980) observed that this species preferred to consume detrital material. Keratella quadrata and Polyarthra ssp., the dominant rotifers during March to early April, grazed mainly on heterotrophic flagellates (Dumont, 1977; Pourriot, 1977; Gilbert & Bogdan, 1981; Bogdan & Gilbert, 1982) . Observations of living individuals and stomach content analyses revealed that Asplanchna priodonta, which attained maximum abundance in May (Figure 4 ), was mainly phytophagous, feeding on centric diatoms and other algae and sometimes capturing larvae of the mussel, Dreissena polymorpha. Observations showed, however, that A. priodonta was not capable of digesting the mussel larvae which continued swimming after being regurgitated (Holst, 1996) . There is no evidence that the peak density of A. priodonta in the middle of May was responsible for the sudden decline of Synchaeta sp. (Figure 4 ). These small soft-bodied rotifers have no effective defense against being ingested by Asplanchna (Gilbert, 1980; Williamson, 1983; Stemberger & Gilbert, 1987) and the absence of a lorica would make them difficult to detect in the stomach contents of the predator. However, A. priodonta is thought not to prey significantly on other rotifers (Guiset, 1977; Stemberger & Gilbert, 1984; Bielañ ska-Grajner, 1995; Stenson & Svensson, 1995) . A significant top-down control of rotifer populations was not observed during spring. Cyclopoid copepods and other invertebrate predators were rare at this time, and predation by fish larvae on planktonic rotifers occurs only for a short time and is usually not a limiting factor, due to the rapid growth rates of rotifers (Hewitt & George, 1987; Thiel, 1996) . At the end of June a high rate of river discharge caused a pronounced decrease in rotifer abundance, reflected by almost every taxon. Only Synchaeta spp. increased in numbers and dominated the rotifer community for a short period, probably due to a good food supply and its high reproduction rate. The reason for the decrease in the number of B. calyciflorus at this time may be the water temperature, which was still too low to promote rapid reproduction of this species (Galkovskaja, 1987) to compensate for the losses due to the drift. This species is known to be one of the fastest growing metazoans (Bennett & Boraas, 1989) , often described as a pioneer species (Ferrari et al., 1989) . Along with the increase in total rotifer abundance in early July, which was caused by a decrease in the river discharge and a phytoplankton bloom, the rotifer community developed a new structure ( Figure  3) . The dominant species became B. calyciflorus, which was promoted by water temperatures above 20 C and high densities of flagellates. The chlorophyll a concentration at that time was extremely high in comparison with that of other estuaries (Heinbokel et al., 1988; Pace et al., 1992; Van Dijk & van Zanten, 1995) and the Elbe Estuary during previous years, according to the literature (Schuchardt & Schirmer, 1991) . This maximum was caused mainly by a bloom of the centric diatom, A. normanii, which is too large to serve as food for most rotifers. Observations of the stomach contents of Asplanchna girodi and Asplamchna brightwelli, which were increasing in abundance, confirmed previous reports (Gilbert & Williamson, 1978; Gilbert, 1980; Garreau et al., 1988; Sarma, 1993) and showed that these rotifers are predominantly carnivorous and preyed on K. cochlearis var. tecta and other small rotifers, including Anuraepsis fissa and Pompholyx sulcata. Furthermore, cyclopoid copepods, apparently present at low densities at this time, preyed upon rotifers.
Rotifers seem to be more important in estuarine environments than previously believed. In the context of the seasonal succession of the entire planktonic community, rotifers play a dual role. They are efficient grazers of bacteria, flagellates and algae and thus compete with ciliates, flagellates and crustaceans. However, most of them fall into the food size range of larger zooplankters.
Through the present investigation, the authors have only begun to demonstrate that rotifers have the ability to structure and regulate the population dynamics of planktonic communities in the Elbe Estuary during the first part of the year. Based on the data in this paper, the following sequence was determined:
1. In early spring, the abundance of bacteria, flagellates and ciliates increased, but low water temperature and high river-discharge rates inhibited rotifer population growth.
2. At the end of April, a decreasing discharge rate and water temperatures above 10 C promoted a rapid growth of rotifers, which grazed mainly on detritus and heterotrophic organisms such as bacteria and heterotrophic flagellates. The dominant species were K. cochlearis and K. quadrata. A significant top-down control of rotifer populations was not apparent.
3. In the middle of June, rotifer abundance decreased due to the great amount of river discharge. Thereafter, the river discharge rate was low, and a high chlorophyll a concentration developed. Rotifer abundance rose again, and a new rotifer community established itself, feeding mainly on planktonic algae and flagellates. Brachionus calyciflorus, Synchaeta sp. and T. pusilla became dominant in the rotifer community. Asplanchna brightwelli, Asplanchna girodi and cyclopoid copepods preyed upon the rotifers but could not reduce the total rotifer abundance.
